Koster / I / recorded h i g h r e s o l u t i o n oxygen K emission s p e c t r a o f some s o l i d a l c o h o l s i n 1971, u s i n g Bragg d i f f r a c t i o n f o r t h e wavelength dispersion.
Recently Yumatov e t a l .
/2/ measured t h e K emission s p e c t r a o f methanol. I n t h i s paper we present t h e X-ray emission spectra from gas-phase methanol, ethanol and propanol.
For comparison we i n c l u d e t h e carbon K emission spectrum o f methane, and the, p r e v i o u s l y p u b l i s h e d / 3 / , oxygen K emission spectrum o f water. The emission was e x c i t e d by a 7 keV e l e c t r o n beam, and recorded on photographic p l a t e s i n a I 0 m g r a z i n g incidence spectrometer /4/. The w e l l e s t a b l i s h e d C and 0 K emission bands o f carbon d i o x i d e were used as c a l i b r a t i o n standards.
The carbon s p e c t r a were recorded i n t h e f i r s t order o f d i f f r a c t i o n w i t h a r e s o l u t i o n o f 0.1 eV, and t h e oxygen i n t h e second w i t h a r e s o l u t i o n o f 0.2 eV.
To f a c i l t a t e t h e i n t e r p r e t a t i o n , ab i n i t i o R e s t r i c t e d H a r t r e e Fock c a l c u l a t i o n s were made u s i n g t h e MOLECULE/ALCHEMY program package / 5 / . According t o t h e onecenter i n t e n s i t y model t h e t r a n s i t i o n from a core h o l e s t a t e i t o a f i n a l s t a t e j i s where E i s t h e t r a n s i t i o n energy and ( C J, i s t h e MOLCAO expansion 2p c o e f f i c i e n t for o r b i t a l j / 6 / . The p o p u l a t i o n probab$?ity, Pi , and t h e t o t a l Auger decay r a t e of t h e i n i t i a l s t a t e , Wi Au , need o n l y t o be considered where s e v e r a l core holes are involved. With t h e ~x c 2~E i o n o f t h e H20 case were more accurate c a l c u l a t i o n s are a v i a l a b l e /3/, ground s t a t e optimized o r b i t a l s a r e used throughout t h e discussion. T h i s simple model has been shown t o work w e l l f o r a rumber o f molecules /7/.
I n s p e c t r a where i n t e n s i t y from s e v e r a l core holes c o n t r i b u t e i t i s assumed t h a t t h e i r i o n i z a t i o n c r o s s s e c t i o n s and Auger r a t e s a r e i d e n t i c a l .
The ground s t a t e valence e l e c t r o n c o n f i g u r a t i o n s of t h e i n v e s t i g a t e d molecules can be seen i n Table 1 , and t h e recorded K emission s p e c t r a are shown i n Fig. 1-3 .
For determination o f t h e energy p o s i t i o n s o f the i n t e n s i t y b a r s t h e most narrow peak
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19879140 is in all cases assumed adiabatic, giving the core electron binding energy, which is then combined with UPS data. To understand the alcohol spectra it is instructive to first consider the spectrum of the water molecule, since this molecule can be thought of as a hydroxyl group with an attached hydrogen atom, and discuss the changes in the local electronic structure which are invoked by replacing hydrogen atoms with methyl groups.
The previously discussed /3/ K emission spectrum of H20 is shown in Fig. la.
There are three orbitals from which we expect electrons fllllng up the core hole, giving rise to X-ray intensity. The highest occupied molecular orbital (HOMO) is the Ibl orbital, which gives rise to the peak at 526.8 eV, is antisymmetric with respect to reflection in the bonding plane, and is to a large extent of oxygen lonepair character. The peak at 525.1 eV originates from the symmetrical 3a, orbital, and the 520.4 eV peak from the Ib2 orbital, which has the node in the symmetry plane perpendicular to the bonding plane. The vibrational broadening and energy shifts reflect the.differences in equilibrium geometry between the core and valence hole states.
In methanol the methyl group is addding two valence orbitals and breaking the Cpv symmetry. The 0 K emission spectrum, shown in Fig Ib, is thus becoming more complicated, however many of the spectral features are preserved. The 527.8 eV peak originates from transitions between the oxygen core hole state and 2a" hole state.
The 2a" orbital is directed perpendicular to the symmetry plane and is mainly of oxygen 2p character. Compared to the corresponding H 0 peak vibrational broadening, 2 is more significant, which indicate a bigger equilibrium geometry difference between the core and valence hole states. The methanol lav-2a" peak is shifted 1 eV as compared to the la -1b peak of water, thus implying a differential core to valence ionization pote~lal'shift upon methyl substitution. The core electron binding energy derived from the position of the lar-2a" peak is 538.7 eV.
The peak at 526.2 eV is assigned to--the lat-7a' transition. According to the calculation the 7a' orbital is mainly a combination of the carbon and oxygen 2p orbitals in the symmetry plane, with a pi-antibonding and a sigma-bonding contribution. Locally at the oxygen atom site it can be related to the 3al orbital in H20, The peak at 521.4 eV is attributed 
o the la1-5a' t r a n s i t i o n . The Sat o r b i t a l corresponds, a t the oxygen atom s i t e , t o a water Ib2 o r b i t a l mixed t o form a bond with the carbon 2p o r b i t a l s .
Substituting another hydrogen atom f o r a methyl group, t o get ethanol, gives seven valence o r b i t a l s from which one can expect X-ray intensity, and accordingly the spectrum i s further complicated. Nevertheless i n c e r t a i n respects the spectrum can be compared t o those o f methanol and water.
I n ethanol the C symmetry i s preserved i n a staggered geometry. The HOMO, 3aW, and the next highes? occupied o r b i t a l , 10ag, l o c a l l y simulate the two higest orbit a l s i n the previous molecules, and give r i s e t o comparable structure i n the 0 K emission. The peak a t 528.0 eV i s assigned t o the l g ' -3~'~ transition, and the 526.4 eV peak corresponds t o the l~' -l O f i~ transition, though the l a t t e r assignment i s not unambigously supported by the one center i n t e n s i t y model. These peaks are both s h i f t e d 0.2 eV t o higher energies compared t o the methanol peaks. The oxygen core electron binding energy derived from the p o s i t i o n o f the la1-3a" i s 538.6 eV.
The carbon K emission wectrum o f , ,.. The carbon K emission spectrum o f ethanol, shown i n Fig. 3b , i s a superposition of i n t e n s i t y from the two inequivalent carbon core holes. the associated spectra.
The peak a t 281.4 eV i s a t t r i b u t e d t o t h e &'-zl' t r a n s i t i o n , where 2a1 mainly i s t h e c e n t r a l carbon ? s o r b i t a l , and 3a" i s t h e HOMO, though q u i t e intense i n t h e carbon spectrum mainly o f oxygen 2p character. From t h e p o s i t i o n o f t h i s peak t h e 2a1 b i n d i n g energy i s evaluated t o 292.0 eV. The C K emission spectrum o f propanol, shown i n Fig. 3c , c o n s i s t s o f overlapping i n t e n s i t y from t h r e e carbon core holes. The complexity i s considerable b u t s t i l l some features are preserved as compared t o t h e ethanol spectrum. The two h i g h energy peaks, o r g i g i n a t i n g from t r a n s i t i o n s were t h e two outermost o r b i t a l s f i l l the core hole l o c a l i z e d on t h e carbon i n v i c i n i t y o f t h e oxygen atom, are d i s t i n c t and s i m i l a r those found i n methanol and ethanol. I t i s concluded t h a t the l o c a l e l e c t r o n i c s t r u c t u r e around the hydroxyl group i n alcohols g i v e r i s e t o s i m i l a r features i n the oxygen K emission spectra when the carbon chain i s prolonged, though t h e i n t e n s i t i e s are n o t doninated by t r a n s i t i o n s i n v o l v i n g the HOMO. Transitions t o the two outermost o r b i t a l s give i n f a c t an OH group f i n g e r p r i n t i n t h e carbon spectra.
The core e l e c t r o n binding enerqies obtained i n USX, compiled i n Table 2 , are generally lower than those neasured i n XPS. The d i f f e r e n c e v a r i e s from 0.2 eV up t o 0.5 eV, and can be explained i n terms o f v i b r a t i o n a l e x c i t a t i o n s . 
